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DEVELOPMENT OF EMBEDDED GENERATION (EG) IN MALAYSIA
Malaysia as a signatory to the 1972 Montreal Protocol and the recent Kyoto Protocol has over the years embarked on a series of initiatives to reduce greenhouse gas (GHG) emissions. Amongst the more apparent and imperative strategic moves are the promotion of energy efficiency and the introduction of renewable energy as the fifth form of energy resource [1] .
The continuous efforts undertaken by Malaysian Government to reduce greenhouse gas emissions through the promotion of efficient use of energy resources have contributed to the increasing number of Co-Generation facilities as well as Renewable Energy (RE) plants operating in parallel with TNB distribution network.
Cogeneration or more popularly known as combine heat and power (CHP) refers to the sequential generation of thermal and electrical energy from the same amount of fuel input within a manufacturing process. This form of generation enhances the utilization of energy efficiently and is highly promoted by the Malaysian Government. Energy efficiency could be increased from 35% to 75 -80% using this mode of generation. The Energy Commission (EC) had issued more than 26 licenses to major developers in the petrochemical, chemical, steel, refinery, pulp and paper, and district cooling industries to generate electricity as part of their manufacturing processes. The total generating capacity is 645.8 MW, which represents less than 6% of the maximum demand of Peninsular Malaysia. Most of this cogeneration plants uses either natural gas or process waste gas as the main source of fuel.
Renewable energy (RE) on the other hand represents energy that is inexhaustible, which occurs naturally and repeatedly in the environment. This source of energy does not emit greenhouse gas. As such, they are environmentally friendly compared to the fossil fuel. The potential RE resources in Malaysia that can be harnessed in a feasible, effective and economic way as well as to be connected to the distribution grid are mainly biomass (Empty fruit bunch (EFB) from palm oil mills, rice husk, wood husk), mini-hydro, wind, and landfill gas. Others like solar PV, biogas, waves, etc are normally small in capacity and are off-grid connected to localized load. 
MALAYSIAN GOVERNMENT POLICIES ON EMBEDDED GENERATION
As part of the efforts to increase energy efficiency, in particular electricity, the Malaysian Government has encouraged as well as approved licenses to certain large industries to generate their own electricity as part of the byproduct of the manufacturing process.
The Energy Commission (EC) had issued a number of licenses to major industries like petrochemical, chemical, oil refinery, centralized utilities facilities (CUF), pulp and paper, gas district cooling, etc to employ this form of generation. These industries are given the mandate to sell extra electrical energy exceeding in-plant consumption to TNB through negotiated tariff. SCORE has prepared a set of guidelines for the promotion and development of renewable energy facilities. Amongst the guiding principles include: i)
Types of renewable sources of energy covered are biomass, biogas, municipal waste, solar, mini-hydro and wind. ii) RE developers are allowed to negotiate the Renewable Electricity Power Purchase Agreement (REPPA) for 21 years with the relevant Utility. Key negotiations involve the selling price on a "willing-seller, willing buyer" and "take and pay" basis. iii) Cost of connection and related system reinforcement and modification has to be borne by the RE developers as TNB practices 'deep' connection charge. The voltage level for interconnection is either 11 or 33kV. iv) The small RE power plant shall be located within a distance of 10km from the nearest interconnection point. v) The maximum export capacity allowable is 10 MW even though the RE plant has generating capacity beyond 10 MW. In view of voltage drop and voltage limits constraints, the permissible distance form RE plant to the point of interconnection is within 10 km.
TECHNICAL IMPACTS OF EMBEDDED GENERATION
With the incorporation of generators in the distribution networks, the characteristics and behavior of the system will be altered. Some of the major changes that can caused difficulties and challenges to the planning, design and operations of TNB distribution networks are as follows: [3] & [4] Network Voltage limits and regulation Network adequacy Fault levels Power Quality Protection schemes and coordination Transient Stability Operational safety and flexibility
As such, the planning, design and operations of the distribution networks will have to accommodate these technical effects and challenges.
Impact of EG on Network Voltage Control
TNB operates its distribution system at 33 and 11 kV medium voltage level and 415 V low voltage. The source of supply to the distribution medium voltage level is from subtransmission substation of 132/33kV and 132/11kV. At this substation the medium voltage is regulated with Automatic Voltage Regulator (AVR) incorporated together with the on-load tap changer of the 132/33kV or 132/11kV transformer. The statutory operating limits for MV voltage level is ± 5%, while for low voltage the limits are +5% and -10%. The low voltage is regulated via fixed tap of the 11/0.415 kV distribution transformer.
As a prudent utility practice, TNB designs and operates its distribution system to ensure that during peak load condition, customers at the end of feeders do not experience low voltage beyond the lower statutory limits. Likewise, during light load situation, customers should not be exposed to voltage level that may endanger their electrical machinery and equipment. Now, if an embedded generator is connected to the distribution network whether at the end of the feeder or at any specific location within part of TNB's distribution network, the active and reactive power flows will change and this will affect the voltage profile and limits.
Power in-feeds from embedded generators tend to increase the local voltage level. This is because generators are usually operated at lagging power factor. This reduces the amount of reactive power that needs to be transmitted down the network, pushing up voltage levels at the point of the connection. This can cause problem with the voltage levels exceeding standard voltage levels, especially if the generator is connected to a voltage regulated 11kV circuit. To avoid this problem, especially on weak rural networks, generators are usually operated at leading power factor (absorb reactive power). Nevertheless, this could lead to stability problems, as generator is less stable when operating in leading power factor.
Impact of EG on Network Adequacy
Connecting an embedded generator to the distribution system will change the power flows and current levels. With appropriate choice of generator and the connection site, the effect can be entirely beneficial, leading to reductions in power flow and current levels. In practice, however, this is not always possible or cost effective and the nearest convenient connection might actually result in higher currents in some parts of the network. These may exceed the current carrying capacity of lines/cables, or the thermal rating of transformers and switchgears resulting in the need of upgrading or reinforcement.
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The cost of such upgrading or reinforcement is to be borne by the developers under the 'deep' connection charges adopted by TNB and this is what they would like to avoid.
As an alternative option, the interconnection is done at a higher voltage level, as this will not present a problem in terms of the thermal rating of the various components in the system.
Impact of EG on Fault Levels
One of the most important considerations in the design and operation of a power distribution network is to provide an adequate control of short circuits or faults as these are often referred to. The interrupting devices such as circuit breakers and fuses must be rated accordingly in order to function within their rating capability.
For TNB distribution network, the main source of short circuit current comes from the sub-transmission grid connection. The other source will be from generators connected to the distribution network. When a fault occurs on a network with an embedded generator, large short circuit current will flow from the generator terminal into the fault. Therefore it is crucial that the generator contribution to the network fault level is properly assessed in order to ensure that the short circuit current is lower than the short time rating of the breakers, fuses as well as cables/lines. In areas where the fault level is already high almost to the 90% rating of the switchgear, any increase in this level will hamper the connection and development of embedded generation. Upgrading of the distribution network switchgear or cable is very costly and under the present 'deep' connection charges practiced by TNB, the embedded generator will shoulder this cost.
Impact of EG on Power Quality
Even without the connection of generator to the distribution system, TNBD/TNB has to deal with many complaints on power quality issues from major industrial and chips manufacturing customers who have sensitive equipment in their manufacturing process like Intel, Fujitsu, Komag, Tioxide, etc. These customers experience nuisance tripping of their industrial processes although mainly due to voltage dips or sags, which occurs in relation to faults in the distribution network. Now, with the connection of EG, the possibility of variations in the supply voltage magnitude, phase and frequency impacting them cannot be excluded.
As such the connection and parallel operation of generator, which may have effects on the power quality to existing customers must be studied before the embedded generation can be allowed to be interconnect especially in network where there are industrial customers with sensitive equipment. As a practice, TNB will install power quality measuring equipment at the EG plant and nearby customers' installation for one-week duration before and after the parallel operation of the EG to evaluate the impact of such interconnection in terms of voltage flicker and harmonics. The recordings should comply with TNB's guidelines on power quality standards, which make reference to Engineering Recommendation P 28 for flicker and G 5/4 for total harmonic distortion levels.
Up to now most EG(s) in Malaysia are of combine heat and power and biomass generation driven by steam or gas turbine prime mover. As such the issue on power quality is not major and the present approach is sufficient to address the matter.
Impact of EG on Protection Schemes and Coordination
The connection of EG will change the fault levels and the flows of fault current in the distribution network due to the addition of generator, cables/lines and transformer impedance into the network. Any faults in the distribution network should not impact the EG negatively. Likewise any faults in the EG installations should not caused undue difficulties and problems to the distribution network.
As such the protection schemes of the distribution network need to be reviewed before parallel operation of embedded generation can be allowed to ensure safety to operating personnel, minimize equipment damage and maintain supply continuity to other users of the healthy parts of the network. To achieve the above objectives, the protection must include the detection of:
of mains or anti-islanding
Relay settings should be agreed and endorsed by TNB as required by the Electricity Supply Regulations 1994 and the interconnection guidebook [5] . These settings must also be correctly coordinated with TNB's protection schemes [6] to avoid unnecessary tripping jeopardizing supply reliability and security. They must not be changed without the agreement and consent of TNB.
Impact of EG on Transient Stability
According to many authors [3] & [4] , the stability of the distribution network with EG is not a major concern especially if the EG function mainly in generating kWh only. However, if the EG is tied up with the production of steam for other critical processes of the EG facilities as well as providing some reactive power and voltage support for the distribution network, then its transient stability performance is of considerable importance. The following factors may affect the stability of the generator.
Loss of major load Loss of bus-tie/lines Faults in the distribution system
The tripping time of distribution protection system is normally long and coupled with the low inertia of most
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small capacity generating unit this can result in loss of synchronism during the faults in the network.
Impact of EG on Operational Safety and Flexibility
With embedded generation, the operation of the distribution network will be changed, as there is an alternative source feeding into the network. Greater precautions for safety and ease of operating the network have to be taken into consideration.
Also, any switching for planned outages or supply interruptions may be more difficult now and this reduces the flexibility of organizing repair and maintenance works on the network. Operating procedures as recommended in Engineering Recommendation G 59/1 for the safety to operating personnel as well as system equipment are to be adhered.
TNB PLANNING AND OPERATIONAL PHILOSOPHY
TNB has published an official guideline for the connection of embedded generation entitled 'A Guidebook of the Technical Requirements for the Interconnection of A User's Network to TNB's Medium Voltage Distrbution Network' [5] . The key planning, design and operational viewpoint and criteria are as follows:
The connection of EG must not adversely affect the quality of supply to other customers, network efficiency and operational safety and flexibility. Any system deficiencies arising from the interconnection are to be resolved cost-effectively. Cost-effective interface design and interconnection scheme that meet the performance requirements of both the developer and TNB are preferred and pursued.
TNB also made reference to international standards for additional and more advanced technical guide and recommendation namely Engineering Recommendation G 59/1 and G 75/1, published by the Electricity Association of UK.
TECHNICAL ASSESSMENT ON EG CONNECTION
TNB undertakes two-(2) level of assessment as part of the approval process for the connection of EG to its distribution networks. The scope of assessment for Level 1 includes the followings: i. Capacity adequacy of network components under peak load conditions and maximum EG output ii. Matching of localized system demand to EG export iii. Voltage regulation assessment under peak & trough loads with maximum EG export iv. System losses under peak load conditions with maximum/minimum EG output v. Fault level studies on the interconnected network arrangement options
The key results from the above Level 1 assessment will provide TNB as well as the approving SCORE committee the following information:
i. Maximum allowable export by EG to match local distribution system demand ii. Interconnection point/voltage, scheme and Point of Common Coupling. iii. Voltage limits violation or compliance iv. Fault contribution by EG to the distribution system. v. EG interface design changes for limiting fault level/earth fault current in-feeds vi. Level of technical losses vii. Defined scope of network upgrading or modification and the estimated costs.
Several significant issues arising from the Level 1 assessment that required more serious considerations by TNB and the approving authority. These issues are:
The capacity to export by EG is greater than the base demand of the neighboring distribution system High costs of connection for remotely located EG plant Connection to sub-transmission level e.g. 132kV is subjected to more stringent requirement leading to possibly higher costs. Impact of EG on network losses over the medium term. Selection of fault level mitigating options.
Once the approval has been given to the EG developer to proceed with the implementation of the project and the developer has committed and paid the cost of power system study, level 2 assessment will proceed with the following technical evaluations:
i 
SUMMARY OF TECHNICAL ISSUES AND POTENTIAL SOLUTIONS
Based on the technical assessments of Level 1 and 2, the crucial technical issues are essentially related to 1) Low demand of local distribution systems, 2) High cost of interconnection and 3) Operational integrity and safety through reliable and cost-effective protection and control.
The potential solutions to the first issue are to locate EG closer to load centers or to interconnect at higher voltage level of 33kV or even up to 132kV level. Although these way outs are possible, they may lead to other implications such as the accessibility to fuel source, higher cost of connection and more stringent requirement of the 132kV grid operations and controls. EG developers have to evaluate carefully these alternative options to solve the issue of low demand of the local distribution networks.
As for the issue of high cost of interconnection, TNB has proposed the use of Aerial Bundle Cable (ABC) instead of underground cable. This prospective answer may be subjected to the approval of right-of-ways by relevant authorities.
Finally, the issue of operational integrity and safety through reliable and cost-effective protection and control can be resolved through standardization of design. This can be achieved via the development of detailed technical guideline based on the upcoming distribution code. In the meantime, both parties involved in the interconnection have to jointly produced a comprehensive interconnection operation manual and establish a joint operation committee to address all operational and control issues. TNB is also committed to contribute to any governmentsponsored initiative in formulating the distribution codes/technical guidelines on interconnection as well as to promote greater understanding of EG and the interface design.
CONCLUSIONS
The interconnection of embedded generation to the distribution system poses enormous and inordinate technical challenges to TNB's distribution engineers as potential technical issues arising from the incorporation of the EG have to be dealt with during the planning and design stage of each EG.
While maintaining system security, reliability, safety and operational efficiency are key objectives in planning for EG connection, cost-effective technical solutions are imperative as 'deep' connection charges adopted by TNB may impede the viability of the EG project especially the much popularized green energy RE projects. TNB does not want to be seen as not supportive of the Malaysian Government efforts to reduce GHG emissions.
Furthermore, the forthcoming development of the Malaysians Distribution/Connection Code and subsequent standards and guidelines is necessary and crucial to be completed expediently for facilitating the connection of increasing numbers of embedded generation with a target of up to 500MW of RE by 2005.
In the meantime, TNB's guideline on EG connection is being reviewed and updated as TNB work closely with each EG developer and consultant to realize a safe, reliable and economic interconnected system. Key issue of islanding or loss-of-mains protection is an example of subject that required more in-depth design studies based on operational experience and information.
